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After  the  ultraweak  luminescence  of  living  organisms  was  observed 
[1#  3],  the  literature  carried  descriptions  of  installations  [2,  4]  and 
systems  which  made  it  possible  to  record  chemiluminescence  by  deep  freezing 
the  photoelectric  electron-multiplier  tube.  Then  with  the  appearance  of 
photoamplifiers  with  low  thermal  noise,  [5,6]  for  the  first  time  use  was 
made  of  the  photoelectric  electron-multiplier  tube  (hereafter  FEM)  42  without 
cooling  which  made  it  poasible  to  extend  the  number  of  studies  devoted  to 
trltrawaak  luminescence.  Although  one  can  find  in  the  literature  descriptions 
of  installations  without  cooling  but  with  magentic  defocuaing,  in  this  type 
the  surface  of  the  photocathode  is  reduced  and  thus  the  characteristics  of 
the  FEM  are  reduoed  in  quality.  All  the  apparatus  described  which  earlier 
satisfied  researchers  mist  now  ba  more  universal  and  meat  broader  require¬ 
ments. 


These  requirements  include  a  wide  range  of  simultaneous  affects  on 
the  teat  organism  by  various  physical  and  chemical  factors,  such  as  various 
gases,  temperature,  irradiation,  etc. 

Tfee  devide  which  we-  constructed  makes  it  possible  to  record  chemi- 
luminesoeriee  of  biosubstrates  under  the  simultaneous  effects  of  various  gases, 
temperature  and  X-rays.  By  using  this  apparatus  it  is  possible  to  maintain 
a  pressure  of  up  to  30  atmospheres  in  the  recording  chamber.  This  makes  it 
possible  to  trace  the  ojqrgen  effect,  the  temperature  coefficient,  chenilumln- 
esoence  and  to  work  with  various  protectors  in  X-ray  work. ,Not  s 11  the  results 
achieved  and  shown  in  this  work  indicate  that  tils  apparatus  Baku#  it  possible 
under  a  combination  of  faotors  to  record  ehe mi luminescence  from  a  dlsteaoe 
by  using  light  guides  of  different  designs  mads  of  organic  optioal  glees. 
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There  is  n6  doubt  but  that  such  sn  apsratus  will  Kike  it  possible  to  expand 
our  corse  net  of  the  biological  «ffect  of  ionizing  radiation  in  atmospheres  of 
different  gases  and  temperatures  over  a  broad  range  and  carry  out  synthe¬ 
sising  studies  in  the  field  of  bioluminescenae. 

In  Pig.l  we  have  the  design  of  the  basio  gas  chamber  with  an  0.8  liter 
capacity.  It  consists  of  firs  basic  unitst  the  chamber  31,  the  light  guide  18, 
the  electromagnet  1-10,  the  heating  plate  36  end  the  FEM-42  17.  The  chamber 
is  a  bronze  cylinder  with  an  inner  diameter  of  100mm.  At  the  fore  end  it  is 
cowered  with  s  metal  cower  held  on  by  bolts  30.  To  the  rear  of  the  main 
ohamber  is  attached  a  copper  cylinder  41  with  a  diameter  of  80ma  and  a  length 
of  380ns.  Inside  the  cylinder  axle  47  is  rotated  on  teflon  bushings  by  a 
servomotor  52  which  seta  the  experimental  plate  43  in  motion.  In  order  to 
reduce  to  a  minimum  the  effect  of  the  X-ray a  on  the  photomultiplier,  the 
light  guide  and  the  entire  chamber  except  for  the  copper  cylinder  in  the 
rear  are  aointed  in  a  lead  housing. 

Inside  the  main  ohamber  is  heating  plate  36  which  is  connected  to  a 
thermostat  by  tube  34*  Ob  the  right  aide  of  the  cht  mber  are  plpea  24  with 
branch  tubes  23  to  feed  in  the  gases. 

In  order  to  control  the  temperature  of  the  test  object  thermal  sensor 
33  is  Installed  inside  the  chamber.  The  most  responsible  link  in  the  system 
is  the  light  guide  18  which  inside  a  conical  housing  and  fastened  so  that  it 
will  not  mows  upward  under  critical  pressures.  The  light  gdlde  is  made  of 
optical  plexiglass  with  minimal  light  absorption.  Although  Darwin,  Harris  and 
Bell  [9,  10]  have  described  light  guides  where  the  light  yield  is  70-80)6,  our 
design  has  greater  resolution  and  produces  a  yield  of  light  quanta  of  the 
order  of  90)6.  The  point  of  contact  of  the  PEM  with  the  light  guide  is  smeared 
with  optical  glycerine. 

In  order  to  maintain  a  constant  operating  cycle  for  the  HEM  during 
prolonged  measurement  it  is  desirable  not  to  turn  off  the  current  of  the  PEM. 
In  order  to  out  out  light  on  the  PEM  when  the  foreward  cower  of  the  chamber 
is  open,  a  metallic  blind  29  is  fitted  inside  the  chamber  in  front  of  the 
light  guide.  The  mowement  of  the  %Und  is  controlled  remotely  by  means  of 
au  eleotxaagnet.  When  the  blind  ahutiy  ocntact  26  turns  on  the  right  electro¬ 
magnet.  After  the  oower  of  the  ohamber  closes,  the  left  coil  of  the  eleotro- 
msgnet  la  turned  on  and  the  blind  slides  back,  thus  opening  the  way  for  the 
passage  of  the  light  quanta  through  the  light  guideto  the  PEM  oathode.  As  we 
oan  sea  from  Pig.  1  the  oouollng  of  the  electromignet  end  the  servomotor 
rotor  are  also  under  pressure.  In  this  design  the  electromagnet  coupling  has 
no  contact  with  tha  inner  environment  and  light  cannot  enter  tha  chamber  from 
outs Ida, 


Fbr.sAfety  reasons  tha  servomotor  rotor  is  separated  from  tbs  stater 
by  a  cylinder  and  thus  the  rotor  ia  under  pressure.  All  the  bashings  inside 
the  ohamber  are  made  of  floor  op  last.  This  oan  be  explained  as  due  to  the 
feet  that  rotatii*  neehanlsne  lubricated  with  oil  oetnot  operate  in  an  oxygen 


Fig,  1  Design  of  a  gas  chamber, [See  next  page] 

A  -  view  from  the  front. 

1  -  stopper  bolt;  2  -  gasket;  3  -  antishock  liner;  4  - 
electromagnet  winding;  5  -  magnetic  circuit;  6  -  electro¬ 
magnet  coil;  7  -  guide  tube;  8  -  electromagnet  oore;  9  * 
lead  outs;  10  -  forward  stopper  bolt;  11  -  electromagnet 
coupling;  12  -  gasket;  13  -  holdei*;  14  -  signal  contacts; 

15  -  upper  guide  blinds;  16  -  light  guide  holder;  17  -  FEM; 
18  -  light  guide;  19  -  PEM  housing;  20  -  flange;  21  -  flange 
for  fastening  PEM  housing;  22  -  transport  tube;  23  -  gas 
tube;  24  -  tube  for  feeding  gas;  25  -  blind  socket;  26  - 
signal  tube  contact;  ?7  -  fastener  for  contact;  28  -  lower 
guide  blinds;  29  -  blind;  30  -  pegs  for  fastening  forward 
cover;  31  -  chamber  case;  32  -  insulation  for  ther more sis tar 
contact;  33  -  contacts;  34  -  branch  tube  for  heater;  35  - 
silencer;  36  -  thermostat  plate. 

After  the  test  substance  in  dish  42  is  placed  in  the  main  chamber  on 
the  experimental  plate  43,  chamber  cover  28  is  closed;  the  motor  is  turned 
on  and  the  dish  moves  from  the  experimental  plate  to  the  end  cf  the  copper 
cylinder  41.  In  this  position  special  contacts  in  the  chamber  are  closed, 
and  tube  Lc  is  opened  (Fig. 2)  which  has  a  relay  P.  in  its  anode  circuit. 

3y  means  of  the  first  pair  of  relay  P4  contacts  the  signal  tube  turns  on, 
indicating  that  the  dish  is  ready  far  irradiation.  Irradiation  ia  produced 
by  apparatus  RUM-11  which  is  installed  above  the  dish  and  fastened  solidly 
to  the  oopper  cylinder.  During  irradiation  the  3mm  walls  of  the  cylinder 
also  serve  as  a  filter  far  the  X-rays.  Dosage  in  the  ehamber  is  45r  per 
minute. 

Fig.  1  [See  page  5] 

B  -  Side  view 

37  -  tube  for  injecting  end  exhausting  gases 

38  -  chamber  cover 

39,  48,  51,  56  -  fluoroplaat  bushings 

40 

41 
44 

47  -  drive  axle 

49  -  cylinder  rear  cover 

50  -  reduoer 

52  -  motor  axle 

53  -  stater 

54  -  rotor 

55  *  additional  rotor  yoke 
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GRAPHIC  not  reproducible 


*1-  500  ohaa;  *2  -  56  kiloohaa;  R^  -  160  kiloohaa;  R^  -  33  kiloohn*. } 

R5  “  56  kiloohaa;  -  160  kiloohaa;  R7  -  37  kiloohaa;  Rg  -  220  kiloohaa; 
*9-47  kiloohaa;  R10  -  56  kiloohaa;  R^  -  160  kiloohaa;  Rj2  -  56  kiloohaa; 
R13  “  160  kilo°hl*l  -  11  kiloohaa;  Ci  ~  2;  (^  -  4D;  C3  .  40j  C4  .  10; 

C5  -  600;  06  -  300;  Dx  and  Dj  -  DTZh;  Dy  -  D205;  D4  -  D306;  X*  -  L4  -  Tg.0.2; 
1$  and  Ig  -  6P15P;  I9  and  L10  -  Tg  -  0.2;  Pi  -  P3  -RFT  -  100;  ?4  -  P?  _ 

Kayt  A  -  alaatrio  aotor 
B  -  220  Tolt  circuit 
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The  second  pair  of  contacts  of  relay  are  used  to  close  relays 
P3  and  ?2>  Relay  Pj  serves  to  change  the  polarity  of  the  motor  and  relay  P3 
is  used  to  feed  direct  current  to  the  motor  winding.  In  order  to  move  the 
dish  into  the  "measure'1  position  button  ie  pushed.  This  closes  relay  P^ 
whioh  in  turn  turns  on  ths  motor.  Signal  tube  Lo  turns  on  when  the  dish  1s 
on  the  way,  regardless  of  what  position  the  disn  is  moving  toward.  When  the 
dish  moves  into  the  "measure 11  position  special  contacts  in  the  chamber  close, 
tube  Ig  goes  on  which  has  relay  P n  in  its  anode  circuit.  Signal  lamp  L, 
goes  an  indicating  that  the  dish  in  in  the  "measure"  position.  Relays  P^ 
and  P3  are  closed.  Relay  P^  performs  the  same  function  as  relay  P2.  Signal 
light  Lg  Indicates  the  closing  or  opening  of  the  PEH  blind. 

Results  of  measurement 

As  the  result  of  a  number  of  model  e>p  eriments  it  was  determined  that 
the  use  cf  this  installation  makes  it  possible  to  record  chemiluminescence 
during  the  simultaneous  operation  of  various  chemical  and  physical  factors 
which  are  undoubtedly  of  value  in  these  studies. 


In  Fig. 3  we  see  the  intensity  of  luminescence  of  oleic  acid  as  a 
function  of  time;  after  preparatory  chilling  to  -5°  we  recorded  light  quanta 
reliably  exceeding  that  of  the  apparatus  background.  Orr  data  for  low 
temperatures  do  not  correspond  to  data  provided  by  Zhuravlev  [ 11]  in  which 
the  luminescence  of  lipids  decreased  upon  chilling  to  20  -  30°.  Here,  however, 
the  fallowing  nay  be  admitted!  although  the  chemiluminescence  of  oleic  sold 
is  reeardol  at  low  temperatures ,  it  is  possible  that  this  is  related  to 
oxidative  prooessea.  As  In  work  mentioned  in  [ll],  we  found  identical  data 
for  temperatures  of  20  -  60°. 


Fig,  3  Intensity  of  ohenilunlaet'oenoe  of  oleic  acid  as  a  function 
of  tins • 

Key  -  A  -  signal  noise 


As  shown  in  Fig.  4  when  X-rays  act  in  a  2000 r  dose  on  oleic  acid  there 
is  a  spurt  in  luminescence  which  quickly  exti  Tui8hes;  in  this  experiment 
temperature  was  kept  constant  at  37°. 

According  to  the  oresentstions  of  Tarasov  [3],  an  important  evidence 
at  radiation  damage  are  oxidative  changes  in  lipids.  As  seen  from  the  line, 
even  with  a  200Qr  does  there  is  a  spurt  in  chemiluminescence  immediately 
after  irradiation  which  lasted  for  several  minutes  in  our  apparatus  and 
Indicates  the  poesibllity  of  oxidation. 


4  Choailunlnesoecce 
of  oleic  acid  under 
X-raye 

Key i  A  -  signal/noise 
B  -  tine  in  Bins 


Fig.  5  Change  in 
chemiluminescence 
of  oleic  acid  with 
simultaneous  effect 
of  X-rays  and 
nitrogen 
Xeyi  A  -  pulses 
per  10  secs 

B  -  irradiation 
C  -  nitrogen 
D--  ties  in  mins 


Fig.  6  -  intensity  o; 
chemiluminescence 
ss  s  function  of 
tins  in  sn  atmosphere 
of  nitrogen  and  sir 
Xsyt  A  -  pulses  per 
alnute 
B  -  air 

C  -  nitrogen  -  6  at 
D  -  tins  in  alas 


As  we  know,  when  bioeubstrates  are  irradiated  one  nay  also  observe 
the  excitation  state  in  molecules  which  may  product  luminescence  in  a  wsta- 
stebls  state.  We  eet  up  such  an  experiment  with  the  simultaneous  action  of 
two  factor si  nitrogen  and  X-rays.  It  wrs  found  that  the  sourt  In  cbeeiluein- 
esosnoe  which  was  observed  in  an  oxygen  atmosphere  (Fig. 4)  was  greatly  sup- 
in  a  nitrogen  eteosphere  (Fig. 5) 5  when  nitrogen  pressure  and  X-rays  wers 
a lie ins ted  and  aid  fed  into  the  chatber  there  was  a  gradual  restoration  of 
ch— ilanAaesoanoe. 
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A  single-type  line  (Fig. 6)  *»»:S  obttinf'd  in  the  experiment  where  oleic 
acid  was  acted  upon  only  by  nitrogen.  Immediately  after  the  oleic  acid  was 
placed  in  the  chamber  the  first  chemiluminescence  mas  recorded.  Then  the 
chamber  was  ventilated  with  nitrogen  for  15  minutes  after  which  thp  pressure 
was  brought  up  to  6  atmospheres  and  luminescence  was  recorded.  Although 
lumineacence  declined  rapidly,  it  did  not  reach  the  level  of  apparatus  back¬ 
ground  which  during  measurement  time  remained  constant  at  a  level  of  150 
pulses  per  minute.  Chemiluminescence  was  recorded  for  90  minute*  hy  turning 
on  the  air  feeo  system. 

As  we  cen  see  from  the  drawing,  the  line  has  a  two-phase  nature  -  the 
rapid  drop  in  chemiluminescence  [l]  and  after  the  replacement  of  nitrogen  hy 
air  a  slow  restoration  [ 2 ]  which  gradually  reaches  the  original  level.  There 
can  be  no  doubt,  these  experiments  are  indications  of  the  possibility  and 
usefulness  of  the  chamber  which,  aa  we  can  see  from  the  data  obtained, 

■ay  be  successfully  used  in  biophysical  experiments. 

*  *  * 


The  authors  are  grateful  to  Professors  B.  N.  Rayevakiy  and  B.  N.  Taru- 
aov  for  valuable  advice  and  guidance. 
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